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DETAILED EXPERIMENTAL SECTION
Calculation of Charge for Free Histones. The amino acid sequence for each of the four core histones were entered into the online calculator available from http://www.scripps.edu/~cdputnam/protcalc.html. This solver provided the charge for each core histone at various pH values and 16.5 was the smallest positive charge associated with a free histone at pH 8.0.
HeLa Cell Chromatin Preparation. Briefly, cells from two 15cm plates were scraped and washed once with 1XRSB (10 mM Tris pH 7.6, 15 mM NaCl, 1.5 mM MgCl 2 ), resuspended in 5 mL 1XRSB
buffer with 1% Triton-X 100 and homogenized using a Dounce homogenizer fitted with a loose pestle using eight strokes. Nuclei were recovered by centrifugation, resuspended in 1.5 ml Buffer A (15 mM Tris pH 7.6, 15 mM NaCl, 60 mM KCl, 0.34 M Sucrose, 0.5 mM Spermidine, 0.15 mM Spermine, 0.25 mM PMSF and 0.1% β-mercaptoethanol), to which we added 15 µL 0.1 M CaCl 2 .and 1.5 µL of micrococcal nuclease (3 units/µL) and incubated for various times, using 5 µL of 0.5 M EDTA to stop the digestion. Digests were centrifuged, the supernatants discarded, and each 140µL aliquot of nuclei were resuspended in 450 µL 10 mM EDTA, 50 µL 5 M NaCl to solubilize the chromatin. Soluble chromatin was separated from the insoluble debris by centrifugation. For gel analysis of DNA, we took 60 µL of chromatin, added 24 µL H 2 O, 6 µL 10% SDS and 24 µL 5 M NaCl, then extracted DNA with a 1:1 mixture of phenol-chloroform and 10 µL supernatant was analyzed by 1.5% agarose gel electrophoresis. We used a fluorimeter to measure the fluorescence of the intact chromatin and a spectrophotometer to measure the amount of DNA extracted from the chromatin. This served to calibrate the fluorimeter reading, allowing direct estimation of the sample concentration during subsequent chromatin isolation preparations without removing histones. The calibration was reproducible between preparations.
Probe selection and labeling is fundamental to SMD. Our initial attempts to detect chromatin signatures used antibodies. Because they have two antigen binding sites, a single antibody molecule can cross-link two chromatin fragments. At antigen and antibody concentrations that allow the classical precipitin reaction, aggregates form, which can clog the nanofluidic channel. This can be avoided by S-3 using vast antibody excess, or monovalent probes for epigenetic marks including Fab fragments of antibody, aptamers, or monovalent probes such as the MBD1 protein we used carrying a single methyl binding domain.
MBD1 Synthesis and Labeling. The methylation sensitive binding domain (MBD) from MBD1 was
cloned into the pET-30b plasmid in order to create a His-tag fusion protein that was expressed under IPTG induction 1 . IPTG induced E.coli were lysed and the fusion protein was purified and refolded on a nickel column. Following purification the fusion protein was labeled with Alexa 488 using Invitrogen's microscale labeling kit (A30006), which labels free amines. Three additional rounds of resin purification were preformed to better purify away free labels. The integrity of the labeled MBD probe was assayed We observed approximately 93% coincidence for the 1:5 labeling ratio, which is recommended by Invitrogen for proper intercalation. At the 1:10 and 1:15 labeling ratio, we observed a slightly reduced level of coincidence due to the reduced intercalation efficiency. Since all samples were examined in the same fluidic channel and the TOTO-3 labeled samples were examined first, we observed a small level of TOTO-3 adsorption to the fused silica surface of the channel. This adsorbed dye was subsequently collected by unstained chromatin and resulted in a 5.2% coincident detection rate.
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Figure S-2: Calculation of Burst Separation and In-Situ Sample Concentration. For the dilute sample concentrations used in these experiments, we were able to track the burst separation. The burst separation describes the time elapsed between bursts and is related to the concentration of the sample analyzed. Here we examined chromatin molecules prepared with a 5 min MNase digestion from 100%
GFP-HeLa nuclei and driven through a channel at 50 V. This data is a subset of those shown in Figure 3 and was prepared from the chromatin preparation shown in Figure S Table 1 .
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